This paper deals with the construction of a discrete mathematical model for addictive buying. Firstly, identifications of consumers buying behavior are performed by using multivariate statistical techniques based on real data bases and sociological approaches. Then population is divided into appropriate groups according to the level of overbuying and a discrete compartmental model is constructed. Future short term addicted population is computed assuming several future economic scenarios.
Introduction
Although addictive buying is not specifically described in DSM-IV [1] , uncontrolled problematic buying behavior has been studied by the psychologists and the psychiatrists since the early 20th century [2] . For some people, shopping is a leisure activity, a way to manage emotions or a means of expressing the self-identity and brings about adverse consequences, including guilt, excessive debt, family conflict, illegal activities, and even suicide attemps.
Some cross-sectional studies have been performed to analyse the uncontrolled problematic buying behavior [2] . However, to the best of our knowledge, there are no studies that allow to predict the prevalence of this pathological behavior in the next few years. In this paper, we present a discrete mathematical model that allows us to do it. Taking into account [3] we build the model considering that social behaviors may spread from one person to another.
Method
Firstly, in order to know the addictive buying prevalence rate two surveys have been performed. Secondly, the mathematical model is built. The information contributed by the prevalence analyses allows us to estimate some of the parameters of the model.
Data and Sampling
Prevalence study is based on the database of two surveys performed in Vizcaya (Spain). The first one was in 2001 [4] and the second one has been performed in 2010. A total of 350 individuals aged 17 and older (341 individuals for 2001) have been selected using stratified random design to insure representation of the diverse age and gender groups.
Measurement Scales
In both cases (2001 Survey and 2010 Survey), to estimate the prevalence of addictive buying we used the Compulsive Buying Scale proposed in [5] . A cluster analysis (with the K -means algorithm) [6] was performed from the responses to the scale to clasify the individuals as rational buyers, excessive buyers and addictive buyers. Descriptive statistic analysis allows us to know the percentage in each case. More details about classification are showed in [4] .
Mathematical model
To build the mathematical model, population is divided into three subpopulations using the Compulsive Buying Scale proposed in [5] : N, rational buyers, S, excessive buyers and A, addictive buyers such that the total population size (P ) at any given time n is given by:
The dynamic of the population can be described by the following system of equations (n, time in months):
where the population state vector P S n = (N n , S n , A n ) gives the number of rational buyers, excessive buyers and addictive buyers at time n. See [7] (Section 2.2) for more details about the assumptions to build the mathematical model. In this paper, we model with a discrete model because we consider that buyers behavior can be abstracted by a succession of steady states intermixed with jumps which make their state suddenly changing to others.
The parameters of the model are:
• µ, birth rate in Spain. We assume that the birth rate for Vizcaya is the Spanish birth rate.
• d, death rate in Spain. We assume that the death rate for Vizcaya is the Spanish death rate.
• β 1 , transmission rate due to social contact with addictive buyers (rational buyers → excessive buyers).
• β 2 , rate at which a rational buyer transits to excessive buyers subpopulation. We admit that this parameter is related to the economic situation.
• γ 1 , transmission rate due to social contact with addictive buyers (excessive buyers → addictive buyers).
• γ 2 , rate at which a excessive buyer transits to addictive buyers subpopulation. We consider that this parameter is also related to the economic situation.
• ǫ 1 , rate at which an addictive buyer reduces his/her addictive behavior himself/herself and becomes an excessive buyer.
• ǫ 2 , rate at which an addictive buyer goes to therapy and becomes a rational buyer.
Parameters estimation
The parameter values are:
• µ=0.000833 month −1 . This is the average Spanish birth rate between years 2002-2009 [8] .
• d =0.000666 month −1 . This is the average Spanish death rate between years 2002-2009 [8] .
• ǫ 1 =0.0020 month −1 . We consider that 24.1% of addictive buyers stops his/her addictive behavior himself/herself [9, 10] and it is known that an addictive buyer takes 10 years to acknowledge his/her compulsive behavior [11, 12, 13, 14] then ǫ 1 =0.241 * 1/(10 * 12).
• ǫ 2 =0.000634 month −1 . This parameter is estimated taking into account:
-the percentage of addictive buyers that begin therapy every year (0.35%). We assume that the information available for Valencian addictive buyers who goes to therapy is similar to the information for Vizcaya [15, 16] .
-the average percentage of success for therapy programs (50%) [17, 18, 19, 20] .
-the median of the therapy duration. It was 12 weeks (3 months) [17, 18, 19, 20] .
Then, we obtained ǫ 2 =0.0035 * 0.5 * 1/3.
• β 2 =ζ n * (0.25 * 0.02) month −1 . We estimate this parameter admiting that 25% of the population acts rash with the buying act (with nonpathological behavior) [21] and 2% of the population have emotional instability (data for the region of Valencia; we assume this proportion for Vizcaya). [22, 23] .
ζ n shows the proportion of population who has an optimistic opinion related to the economic situation in month n. We consider that this opinion is not constant in time. ζ n is estimated by fitting the Confidence Consumer Index (CCI) presented by Ministry of Economic Affairs of Spain [24] . In order to fit, we use Least Square Estimation and Chow test to analyse the presence of structural breaks in the CCI time serie [25] .
The expression for ζ n is: • γ 2 =ζ n * (0.25 * 0.02)+k month −1 . We assume that γ 2 ≥β 2 (γ 2 =β 2 +k ), i.e., we admit that economic situation influences more on excessive buyers than in rational buyers. 
Numerical Simulations
We use the proposed mathematical model with the parameters listed before to forecast the coming three years (until year 2013). Future short term addicted population is computed assuming several future economic scenarios [27] .
• Scenario V. The bad economic situation will finish in one year and half (fast economic recovery).
• Scenario U. The bad economic situation will finish in three years.
• Scenario W. The bad economic situation will experience recoveries and relapses in the next four years.
• Scenario L. The bad economic situation will remain at least five years (long economic recovery). Figure 1 shows the percentage of addictive buyers in the next few years (December of each year). In Table 1 , we present some of the numerical values represented in Figure 1 . It can be noted a trend of increase in addictive buyers. The mathematical model predicts that around 17%-18% of the population of Vizcaya will present addictive buying behaviour at the end of 2013. 
Conclusions
In this work, we present an approximation to the Spanish addictive buying prevalence for 2010 and some prediction for the next few years. Mathematical model presented allows us to obtain a first approximation of the epidemic evolution in Spain since databases have been designed taking into account Spanish age and gender distribution. According to the numerical simulations described, we can affirm that the addictive buying prevalence rate in Spain is increasing.
We show how mathematical models can be an useful tool to understand social epidemics. Using this type of mathematical approach, we are able to know the dynamics of the epidemic, simulate different situations and analyse the effect of these different scenarios on human behavior.
